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A8STRACT

The ecoromic performanceof Trombe wall and direct gain
passive solar heating designs are evaluated using the
LASL/UNM solar economic performancecode. Both desigrvs
are integratedinto a ranch style tract home concept there-
by facilitatingintra-regionalcomparison, The economic
performanceof these systems is evaluated for 15 sites in
the Northwest region, Space heating loads have been locally
specified. Sj’Stemsizes have been optimized against the
natural gas and electric resistanceheating alternatives,
the current price and future escalation of which is estab-
lished for each locale. Sensitivityanalysis is conducted
to determine the maximum competitiveadd-on costs for each
system under a specified set’of energy price
formance and economic conditions.

INTRODUCTION

As the interest in passive solar energy heat’
does the need for consistent economic and te[

solar per-

ng grows, so
hnical analysis

of alternativedesigns in order to evaluate their relative
cost competitiveness, This paper builds on and expands work
reported previously (7,2],focusing on the Northwest. Twc
generic passive systems--Trombewall and direct gain--are
assessed against the backdrop of locally specified home
heating loads and energy prices, Results are reported for
15 sites in Washington,Oregon ald Idaho,

In the following section we review the methodology. This
includesdesign and performanceassumptions, incremental
costs, energy futures, optimizationand life cycle costing.
The third section contains descriptions of selected inputs,
includinghome heating loads, collector area calculations,
solar costs, fuel prices and economic assumptions, Maps
and tables are used to display some of the input l~ata, Sec-
tion 4 co!)tainsan evaluation r,ftotal and variablt costs
goals--thehighest economicallyfeasible system cost. The
last section ccmpares the costs and benefits of the Trombe
wall system to those of the direct gain system, Both natural
gas and electric resistance comparisonsare given for the
region,

METHODOLOGY

Sfx basic steps arw employed in our regional evaluation of
solar economic performance, These are (a)the designation
of the residencedesign, (b)the specificationof home heat-
irg loads, (c)the specificationof annual thermal perfor-
mance of the passive designs, (d)calculationof solar add-
on costs, (c)specificationof conventionalenergy prices
and futures by locale, (f)determinationof economic com-
petitivenessof the designs, A more thorough discussion
of methodology can be found in [1,2],

The single family residence is of TEAdesi n [3]: a one-
?story slab on grade structurewith 1536 ft of living

space, Space heating loads are computed kj locale based
on site specific building heat loss factors and annual

average heating degree days, The National Conference of
States cm Building Codes and Standards (NCSBCS)model code
has been u~ed for this purpose [9]. MaP 1 shows the heat
loss factors used for the 15 locations.
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Results from modified solar-load ratio correlation pro-
cedures calculated by the LASL Q-n Solar Energy Gro,r [7]
sre used to estima e solar performance [57 of each design.

8A glazing area (ft ) requirement for each desired level of
solar fractiou by lo$ale is derived by dividing the
LOAO/AREA (Btu/OD/ft’)ratio from the simplified perfor-
mance tables into the previously calculated home heating
LOAD (Btu/DD for all surfaces other than glazing area).
Maps 2 and 3 show collector area req~irementsfcr the dire
gain with night insulation system (DGNI) and Trombe wall
with night insulation system (TWNI) respectively for 30;
Zolar contribution.

With the glazing area-solar contributionrelationshipestal
llshed we are able to optimally-sizethe passive designs
under a stated set of economic and alternative fuel con-
ditions. The optimization presenteu here is done assum-
ing an add-on cost of $16/ft2 of glazing area [3]. All
other economic assumptions are shown in Table 1,

Fuel prices (base year 1978) were gathered for a large
number of cities [7,8]. Where informationwas missing
or inadequate for our purposes, a surrogate city was chose
and that city’s fuel prices used. The base year prices ha



been escalated using National Energy Act (NEA) assumptions,
Table 2 shows 1979 and 1990 fuel prices for natural gas and
electrlc resistance.
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MAP 3
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at 3D% solar contributionfor DGNI and TWNI systems.
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COST GOALS

The cost goals approach attempts to identify the maximum
cost (variableor total) at which the system is feasible.
Put simply, if the annualized cost of the system Is just
equal to the annual~zed cost of the fuel being replaced by
the solar contribution,the consumer breaks even. This
breakevrn cost is the maximum one could pay and still call
the system feasible. Table 3 identifiesthis maximum vari-
able cost for two system types (TWNI and DGNI), for two
fuel alternativ~s (naturalgas and electric resistance)at
three levels of solar contribution (15%, 30% and 45L).
Mdps 4 through 7 s),owthe maximum allowable total solar cost

DOLLARS
16/sq f t assum~d
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~ <250i=~OO0 3001-3500 3501-4000 4001.

COSTS AND BENEFITS OF ALTERNATIVESYSTEMS

In the economic performanceevaluation we employ a varian

of life cycle cost analysis [1, 2, 6]. We evaluate a hom
heating system that includesa solar component providing
from 5 to 95 percent of the required heat. The net Prese
value (iiPV)of the solar component (discountedpresent va
of solar system benefitsminus solar system costs) over t
system life is mximized. This is exactly equivalent to
rninimfzingthe delivered cost of heat over the ltfetimeo
the system. Simple payback is defined as the number of
years It takes for the savings on fuel costs attributable
to the sol- system to equal the cost of the system, Tab



M4P 74 and 5 give results of a comparison between TWNI and DGNI
systems for natural gas and electric resistance,respectively.

CONCLUSIONS

-The economic analysis is very sensitive to the cost of the
alternativefuel. Our analysis can only benefit from up-
dated fuel cost information.

.Trombewall and direct gain passive solar designs (with a
night insulationoption) can compete economicallytoday
against electric resistancein most locations. They cannot
compete where the price of electric resistance is less than
2.25 cents per kwh.

oTWNI and DGNI can compete against natural gas in most 10-

cations. They cannot compete where gas is very cheap.

●The direct gain system seems to perform somewhat better
than the Trombe wall when NPV is used as a criteria.

-Feasibilityof either system is more sensitive to solar
add-on costs
electric res

in the natural gas alternative
stance alternative.
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TABLE I

SWIARY OF ASSUF9PTJONS uSCO IN ECONOMIC $YRFO?MNCE hNALYS:$

Rsg!onal Sites 1SSOLMT cities

Solar Systems Trm’be WCI1 is 18 incnes tnick [Ij, Girect

Configuration 9ato is for the wrface area to mass ratio as
Trcxntse wall i, c., 1.5 ft~ Of stowe~ssfor
wery ft2 of glass [21.

Energy Futures Constant escalation rutcs for all locales in
real te,ms) natural 9as -4:, elect r~clty = 2:

Energy Co fwerslon AdJusUne?t to aCCOUnt for losses, nat. ral gas .
Efflcttncy 7SZ, electrlc resistance . 100:

19?9
30 yadrs
6:

Ec;yj Variable - (ddlusted for in flatlon w~re necessary)

lnflati~n Rete
lnterwt R4te (Real)
F40rtga9e Rste (Nominal I
Ol$count Rate (Nominal I
Incmte 18x Bracket

(twduction)
Proper.ty Tax

Operittlng A Maintenance

Ooam Payment

Resale Value !Recf ~owd
4t end of Sol r lffe-
the) ,

City/State

601s?, Idaho

Lwiston, Idaha

Fucctello. Idaho

Aatorlo, Orepn

Iums, OreVCIn

Madford, O-

MOrtfl 4erla, *

Pendetton,ml!

POrtlmd, om90n

R-, OrWVOn

Sclea, -n

Ol)wfb, Veghfngtfm

L6attlc.lccoea, man

3Fakma, Ueth!nwm
ItklN,14alillngtm

*19M hc Prtcm, t

lima Per;od of Analysls
solar Svstem Llftlm=a

16dLf 2

FVtL P!I)C’S

lt6tur41 6s$

1979* 1990

M3%stu $)W Ulo%tu WIT

I.*5 1.41 $.71 2.G8

1.*9 ),41 4.71 2.6s

1.9$ 1.41 5.71 :.66

7.10 !12 20.74 9,72

7,s0 572 20. Y5 9.?2

5.34 J.85 15. ?9 7.30

7.10 9.12 SO.75 ~.72

5.79 4.!8 16.!2 7.93

7.10 5.12 20.75 9.72

9.79 4.18 16,92 7.9s

7.10 6.12 ?0.75 9.72

619 4.46 10.08 S.47

t.19 4.46 1s,06 6.47

4.76 3.43 13.92 6.52

6,67 4.09 16.66 ?,77
—

Itted

:.5:
9.5s
9.5:
30:

Solar add-or CJS:S
excluoeo

1:of SOlbradd-or
costs {annually

2V. of Solar ada-or
bald-on Coats

c

[1.ctrtc rm+stancr
19799 19w—–

/l@St, (/k,h i/10%u Vi
—.. .—

9.38 311 22,11 s.

6,66 1,81 13,16 3

9.s6 3.la 22 13 5

9,37 3.20 22,58 b,

9.44 3,16 22,28 6,

9,51 3.20 22,4@ 6

9.$1 3 20 21.48 6

9.51 3.20 2?, S9 6.

9,90 3 18 22,43 6,

9.57 3,?0 22, s6 6

9,aa 3,18 22.43 t,
?,?~ ?.43 17,12 4

5,10 1.11 lJ, M 3,

5,73 1,9? 13,;3 1

7,00 2.34 16,52 4
——



TA8LE 3

UPPER LIMIT OF VA7!A8LE COST FOR .ECO~IC FEASIBIL ITV BY SOLAR FRACTION

Ti?ble4
North6end,Ome

.50
0Q41 .45

“’’’”m’ O=!%; N;,

Portland, Oregon
TuNl ,1s
oml .15

h-rid, Oregon
ml .25
CU41 .30

(CentinJej)

3!9 5101
262 4193

1439
1855

12
11

city! state Nctu Ml 6s$

.15 .30 .45

Electric Aesistmce

.15 .30 .45

NF NF
68 1007

NF
42

NF
13

Boise, Ideho
ml
ml

Qwistoll, Id4ho
ml
ml

Pocatcl la, Iderlo
Ml
ml

Astorls, O-p
ml
0Q41

5.95
6.40

4.96
5.22

6.31
6.65

19.06
23.94

22,66
23.94

13,81
14,75

21.41
23,68

14.62
15.5,

17,M
19,08

19,51
20.89

18,33
19.69

16,12
17,11

16.38
17.53

13,59
14,17

16,31
17.29

s 5.41
6.66

4.38
4.53

5.=
6.0S

:8.12
21.37

20.64
21.37

12.30
13.05

20.81
22.72

12.88
13.32

15.66
16 40

1?,71
18.82

16.11
17.09

14.53
15.02

14,54
15,00

11.95
12,19

14,23
14,72

$4.76
4.88

2.86
3.86

5.32
S.32

16.50
19.17

10.62
19.17

10.98
11.26

19,62
21.05

11.36
11.36

13.38
14.20

16.05
16.47

14.3e
14,75

12..91
12.81

12.7C
12.7C

10.42
10.OC

12.4C
12.4C

109 1742
101 1621S21>61 S19.68 $17.30

23,25 20.57 17.75

178 2847
206 3298

570
e435

12
1210,71 9.47 8.39

11.29 9.80 8.39

22.93 21.31 19.33
24.19 22.03 19.33

Salem, Orqon
WN1 .15
UN41 .15

Oly@a, Ueshin#
.10

OdNI .10

Seattle-Ttco%etiHf shinssxon
.10

06Nl .15

Sookane, U8shfngt~
NF

ml NF

“k’M’ “sh’”%J .10
.10

107 1709
99 1581

347
509

12
12

;6 1213
70 1127

6C
16S19<47 18.50 16.85

20.98 19.60 17.68

Bums, 0rw90n
ml
owl

Wdford, 0m90n
7UNI
06N 1

North 8en5, 0m4mn
lnN1
ml

Penjleton, Omgun
l-ml
OGN I

Portland, oI’CgW
ml
WI

Aednond, 0m90n
TWl
OGNl

1126
1;: 1624

98
2!7

13
1322.83 20.80 18.76

24.13 21.54 19.32

NF NF
NF NF

NF
NF

NF
XFlb.76 16,71 14.92

20.05 17,74 15,30

13
12

1119
:! lo3e

12;
22321.87 21.25 20.04

24.18 23.21 21.50

● Nr . Mt Fc,$iblc,

TABLE 5

COSTS ANO 8CNEFITS FOR ALTERNJ,TI” E SYSTEMS

Fuel - Electric Aeslstancc Variable cost ● S16!<t2 CO:leCtOr 4’ea

—.

18.31 16,13 14.22
19.40 16.68 14.22

18,12 15.69 14.03
19.36 16.63 14.41

Collector ttet Slrw

Ofltiml Arm Tots’ Present PWO’

City/St4te Fmctlon (ft?) cost(s) Vaiue ($; (Yea,
24.42 22.18 20.10
26.15 23.56 21.83

Solem, OmgOn
TUN 1
Oa 1

Olywda Utshinftcq

OGN 1

Seittle-Tmme, #;hington

O&4]

113E
1363

N?
xc

18?3
1946

790
10?1

\7d?
187’

416
636

1622
2935

37:
525

322
484

2))3
484

387
,j~~

NF
t4F

NF
Nr

N~
NF

12
115

12..60 16.34 14,59
19.97 17.34 14.9C

14,33 12.91 11,38
15.20 13,34 11.38

‘“”Q’**hoTUNI .30
ml .35

Leui$ton, Idaho
TUNI WF
Owl NF

Pocatel 10, IdJho
TUN1 >35
ml .40

Astoria, 0R9m
MI .30
ml .35

8ums, 0re90n
TNN 1 35
OGNI ,35

Mdford, om90n
THNI .15
OGN I .20

North 8end, OmgJ
.50

OGnl .50

‘end;ewn’ ‘W% .15
OcNl ,20

Portlmd, 0P490n
ml .15
Clml .20

Retinal, 0m90n
TUN1 .50
OIMI .40

Silem, Omqn
ml .15
06N 1 .20

Ol~ta, kiashtn~~
NF

OGN1 NF

Setttle-Tecnw+Jf shington
NF

06N 1 NF

Sc.okme, Nmhingtx!
NF

08N I NF

““M” “S”%! .10
owl ,10

222
256

NC

NF

:;;

226
255

289
283

10B
139

319
299

115
151

I09
142

x

107
140

NF
NF

NF
NF

NF
NI

:;

1554
1089

N~

NF

4483
5170

3522
4)B3

4($30
4! 25

1726
2223

51)1
4739

l&13
24’6

17*2
22t5

6s?76
47?7

17?4
223,1

NF
NF

NF
NF

NF
Nr

1119
1038

10.23 9.08 7.93
10.95 9.37 7,93

Spokane, kitshin9tm
TklN1
OGN1

Vakime, blashington
THNI
06N 1

12,40 10,91 9.52
12.93 11,12 9.20

15.25 13,31 11 59
16,17 13,75 11.:9

I

TA8LL 4

COSTS ANO MNEFITS FOR ALTS9NATIV[ SYSTW3

Fuel - N@tur81 Gts Variable Cost * $16/ft2 Collector Amt

Coj::tor Yet sfmlr
Optiwal Tots 1 Pmsmt Phyb4ck

Citytstett Frtction (ftz) Co$t($) value($) (Vmrs)

Boise, Ideho
lufsl
OGNI

●NF NF
NF NF

NF
NF

NF
NF

NF
NF

LWf StOn, ld4h0
l’knI
WI

NF NF
NF NF

NF
NF

NF
NF

NF
NF

Pocitellcl, ldshn
TWNl
Ocnl

N: NF
NF NF

NF
NF

NF
NF

Nf
NF

Astoria,0m90n
TNN t
ml

8iJmi, Orwgon
TuPkl
OGNI

Mdford, G,M9011
mnl
Ow I

.3G 226

.30 213
669
949

13
12

.35 289
,35 283

4630
4525

1684
1614

12
II

NF N;
NF NF

NF
NF

NF
NF

NF
NF

(Continued)


